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Naval Postgraduate School 
Jerome Namias' investigations into the causes and eoects of large scale SST 
anomalies had a n  early and lasting inpuence o n  the directzon and scope of much of 
m y  research in ocean modelin . In thzs presentation, I will summarize some of that 
research, and I will describe t i e  significant influence that Jerome Namias had on all 
of i t .  
Introduction 
1 first met Jerome Namias (Jerry) when I came to work as a student trainee 
at the United States Weather Bureau (USWB) in June, 1960. As an undergraduate 
majoring in mathematics but very much interested in the weather, I had the extreme 
good fortune of 'workingn for four consecutive summers in the USWB's Extended 
Forecast Branch, where Namias was the Chief. No job could have been more valuable 
or enjoyable to an aspiring Meteorologist than the one I had under Jerome Namias. 
Indeed, it was my daily pleasure to observe the top professional Meteorologists in 
our country struggling to  make long range weather forecasts for 5 and 30 days in 
advance. The present Chief, Don Gilman, who was also there during Jerry's tenure, has 
testified that the top professional Meteorologists of this day are still struggling with the 
problems of long-range forecasting (Gilman, 1985). Of course, today's challenges are 
different from those of 25 years ago; seasonal forecasts are now made by the Climate 
Analysis Center and others, and there is an expressed need for even longer range 
forecasts. 
The one thing that impressed me the most during my student trainee days un- 
der Jerry Namias was the 5-and 30-day extended forecast "post-mortemsn. These 
were the post-forecast group sessions during which the latest long-range forecast was 
thoroughly analyzed, interpreted and carefully verified. Often, in the 30-day forecast 
post-mortems, the culprit for a missed forecast was a sea-surface temperature (SST) 
anomaly. Less frequently, and only in the case of an especially good forecast, was 
an SST anomaly considered a 'heron. I am now convinced that it was during those 
occasionally tumultuous post-mortems that Jerry Namias discovered that the ocean 
surface temperatures were affecting atmospheric variability on monthly (and certainly 
longer) time-scales. Jerry Namias, and a large number of enthusiastic atmospheric 
and oceanic scientists have been working for the past 25 years to identify the specific 
dynamics1 and thermodynamical processes by which SST anomalies indeed influence 
the atmosphere on long time scales. Although considerable progress has been made 
(Namias, 1985), the job is still far from complete. My own contribution in this area 
has been very meager. In fact, my research has focused almost entirely on the problem 
of the generation of midlatitude SST anomalies, themselves, with very little atten- 
tion devoted to studying the effect that such anomalies have on the atmosphere. In 
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the following sections, I summarize some of the more significant results of these and 
other related studies. All of the studies, in one way or another, were inspired by the 
pioneering work in this area by Jerry Namias. 
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Figure 1. S S T  anomaly spectrum at 40°N and 155" E (heavy line labeled ufiltered'J) and 
model fits with advection (heavy line labeled "with advectionJJ) and without advection 
(upper dashed line).  The lower dashed line shows the contribution of the advection 
terms .  The S S T  spectrum before E O F  filtering i s  also shown (light line labeled "unfil- 
tered"). From Frankignoul and Reynolds (1983). 
Midlatitude SST Anomalies - a Zeroth-Order Theory 
The mechanisms responsible for the formation and evolution of midlatitude SST 
anomalies have been studied extensively during the last two decades. As emphasized 
recently by Barnett (1981) and reviewed by Frankignoul (1985), the problem of the 
creation of large-scale SST anomalies is basically the problem of closing the heat budget 
of the upper ocean. This implies that the processes which influence the net heat flux 
across the sea surface, the turbulent vertical mixing of heat at the base of the seasonal 
thermocline, and the lateral advection of heat in the upper ocean, are a11 potentially 
important factors in understanding SST anomalies. 
The present observational evidence suggests that midlatitude SST anomalies are 
generated by variations in the net surface heat flux on relatively short time scales, and 
that they are damped by heat flux variations on relatively long time scales. The time 
scale that separates "long" from "short" in this context is not clearly identified, but 
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Figure 2. Principal patterns for seasonal [three-month average) SLP anomalies pre- 
dicting monthly SST anomaly one month after center month of  SLP season. Principal 
patterns are based on year-round statistics. The SLP data pattern is responeible for 
50% of the hindcaet skill achievable from five SLP EOFJs.  From Davis (1978). 
it seems to be on the order of several weeks. The fact that the atmosphere forces the 
ocean on short time scales and damps it on long time scales was strongly suggested, 
perhaps for the first time, by the observational study of Kraus and Morrison (1966). 
They analyzed ocean weather ship data from the North Atlantic and North Pacific 
Oceans, and they found that on time scales shorter than a month the variance of air- 
sea temperature difference was primarily due to variations in the temperature of the 
air. On time scales greater than a month, the variance was due more to  variations in 
the temperature of the sea. 
Theoretical evidence also indicates that midlatitude SST anomalies are driven 
by atmospheric forcing on relatively short time scales and damped on longer time 
scales. The theory is based on the stochastic forcing models of climate variability 
(Frankignoul and Hasselmann, 1977; Frankignoul, 1979; Frankignoul and Reynolds, 
1983; Herterich and Hasselmann, 1986). In the study by Frankignoul and Reynolds, a 
non-entraining slab model of the oceanic mixed layer was driven by a prescribed white- 
noise forcing from the atmosphere and damped by a Newtonian cooling term having 
a relatively long time scale. By adjusting the amplitude of the white-noise forcing 
and the time scale of the damping, Frankignoul and Reynolds were able to  reproduce 
(i.e., to  model) the frequency spectrum of observed SST anomalies over most of the 
midlatitude North Pacific Ocean (Fig. 1). Even more important was the fact that 
the required amplitude of the white-noise forcing resembled the observed estimates of 
atmospheric forcing over a large part of the North Pacific Ocean. In addition, the 
required damping time for the anomalies was of the order of several months. This 
value is consistent with direct estimates of damping by vertical mixing and feedback 
to the atmosphere (Frankignoul, 1985). Thus, today's zero order description of ocean- 
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atmosphere interaction in midlatitudes is that of SST anomalies being generated by 
atmospheric forcing on time scales much less than several months, and being damped 
on time scales of several months or more. The damping is accomplished by vertical 
heat exchange with both the atmosphere and the deep ocean. 
Figure 3. SST anomaliee for fall 1971 (left) and winter 1971-72 (right). The top  
panels show observed anomaliee and the bottom panels show initial (left) and predicted 
(right) anomaliee. Areas lees than -I0 F are hatched; areae greater than lo  F are etipled. 
Heavy vertical line i n  the lower panele marks 1700 W .  It i a  lined up with 1700 W o n  the 
obeerued maps.  From Namias (1972). 
Specific Forcing Mechanisms 
While the above results concerning the time scales of ocean forcing and response 
are fairly well established, the evidence concerning the exact nature of the atmospheric 
forcing mechanisms that create SST anomalies is much less conclusive. For example, 
the relative importance of the two major forcing fields, the winds and the surface heat 
fluxes, is difficult to  establish. This is because winds and heat fluxes are highly cor- 
related, and because present estimates of surface heat fluxes on synoptic and monthly 
time scales are very uncertain (Husby, 1980; Barnett, 1981; Weare and Strub, 1981; 
Elsberry, et al. ,  1982; Clancy and Pollak, 1983). Therefore, it is not possible to  un- 
ambiguously identify the physical reason for the statistically significant lag correlation 
that Davis (1976; 1978) found between sea level pressure (SLP) and SST anomalies in 
midlatitudes. The dominant relationship, in which SLP anomalies lead SST anomalies 
in year-round average statistics, consists of a positive (negative) SLP anomaly south 
of the Aleutians followed a month later by a positive (negative) SST anomaly south- 
west of the SLP anomaly center (Fig. 2). The spatial pattern is clearly such that the 
relationship could either be due to the anomalous winds (through Ekman advection or 
turbulent vertical mixing) or due to anomalous surface heat fluxes. 
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Figure 4. S S T  anomalies i n  the midlatitude North Pacific Ocean during September 
1976 (first column), November 1976 (second column) and January 1977 (third col- 
umn).  The  top panel is observed; the second panel i s  predicted using the observed 
initial conditions but no  anomalous atmospheric forcing; the third panel is predicted 
using only the observed anomalous wind stress forcing; and the bottom panel is re- 
dicted usmg observed initial conditions, anomalous winds, and anomalous surface Reat 
jluzes. The  contour interval i s  0.50C. From Haney (1980). 
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Figure 6. Zeoplethe of correlation coeficient  between t ime  eeriee of mean monthly 
computed (using advection of  S S T  anomaly by the mean currente plus advection of 
mean S S T  by anomaloue (Ekman) currente) and obeerved S S T  anomaliee over the 
eaetern North Pacific for the two  years 1962-63.  Shading repreeente the area reaching 
the 5% level of significance. From Namias (1965) 
Some success in identifying the separate role of winds and surface heat fluxes 
in producing midlatitude SST anomalies has been achieved by means of initial value 
simulations using numerical models (Haney et al. ,  1978; Huang, 1979; Haney, 1980). 
However, these studies, like the earlier pioneering case studies by Namias and his col- 
leagues (Jacob, 1967; Namias and Born, 1970; Namias, 1972; Clark, 1972; Daly, 1978), 
have not unambiguously demonstrated a dominant role for either forcing mechanism. 
In some of the cases, the surface heat fluxes seemed to dominate, but in other cases 
the winds alone were sufficient to explain the SST anomaly development. For exam- 
ple, Namias (1972) showed that the SST anomaly behavior in the North Pacific Ocean 
during the winter of 1971-72 could be explained by the simple horizontal advection of 
the initial SST anomaly by the climatological ocean surface currents (Fig. 3). This 
naturally implies that the net effect of anomalous atmospheric forcing was small by 
comparison. Motivated by Jerry's study, I carried out a numerical model simulation 
of the fall and winter of 1976-77 in the North Pacific. My results for this winter were 
just the opposite of what Jerry found for the 1971-72 winter. According to the model 
simulations (Fig. 4), anomalous wind stress forcing was the most important factor, 
with anomalous surface heat fluxes also contributing to  the SST anomaly development. 
Because of the very strong atmospheric forcing in this case, the initial SST anomaly 
was of negligible importance. 
Specific forcing mechanisms have been investigated by statistical studies as well. 
These are observational studies that attempt to demonstrate a statistical relationship 
between SST anomalies and certain atmospheric and oceanic forcing parameters by 
averaging over a sufficiently large number of SST anomaly cases. One of the first, and 
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certainly one of the most important, studies of this type was Jerry's investigation of the 
atmospheric and oceanic anomalies during 1962-1963 (Namias, 1965). The significant 
result of that study was the high correlation between the observed SST anomalies and 
those #predictedn using only the two linear horizontal advection terms in the SST 
anomaly equation (Fig. 5). Looking back at this study some 20 years later, it seems 
likely that a partial explanation for the good correlations may be the forcing of SST 
anomalies by anomalous surface heat fluxes rather than advection. 
In the late 19708, an interesting controversy developed between the research re- 
sults of Russ Davis and those of Jerry Namias (Davis, 1976, 1978; Namias, 1976). This 
controversy, which concerned the statistically established lag relationship between SLP 
and SST anomalies mentioned above, led me to undertake a somewhat similar obser- 
vational study of the relationship between wind and SST anomalies. The goal was 
to determine whether midlatitude SST anomalies were caused only by the overlying 
wind, and if so, what physical processes were involved. The operational 6-hourly sur- 
face wind analyses prepared by Fleet Numerical Oceanography Center (FNOC) and the 
monthly SST anomalies prepared by Jerry Namias were used in the study. Both data 
sets covered the midlatitude North Pacific Ocean during the 10-year period, 1969-78. 
Using these data, a cross-correlation analysis was made between monthly anomalies of 
certain surface wind parameters and month-to-month changes in the SST anomalies. 
The results were somewhat surprising (Haney, et al., 1983). Changes in SST anomalies 
were indeed correlated with monthly anomalies of the surface friction velocity cubed, 
US, and the surface wind stress curl, curl r .  The correlation with US suggests that 
midlatitude SST anomalies may be caused in part by monthly anomalies of turbu- 
lent vertical mixing in the upper ocean due to  anomalies in atmospheric storminess. 
Similarly, the correlations with curl r indicates that SST anomalies are also affected 
by large-scale horizontal advection. The effects of Ekman pumping and suction were 
found to be entirely negligible. Due to the rather long data record, the correlations are 
statistically significant. However, they are not large; typically only 0.25 to  0.35. This 
implies that although wind and SST anomalies are indeeed statistically related, and 
although the relationships can be easily and directly attributed to well-known physial 
processes, these processes are not the most important ones for the development of 
SST anomalies in midlatitudes. If the surface wind by itself was really the dominant 
mechanism, the correlations would have to  be much higher. 
A 10-Year Numerical Hindcast 
In order to  investigate further the specific role of winds as a possible cause of 
SST anomalies in midlatitudes, I recently carried out a 10-year numerical hindcast 
using a multi-level primitive equation (PE) ocean circulation model (Haney, 1985). 
As mentioned above, the separate effects of winds and surface heat fluxes cannot be 
determined from observations because winds and heat fluxes are known to be corre- 
lated, and because basin-wide fields of reliable surface heat fluxes are not presently 
available. This problem can be avoided, however, and the separate role of winds can 
be investigated quite easily, by means of a controlled numerical experiment. 
The numerical experiment (hindcast) was patterned after those of Busalacchi and 
O'Brien (1981) and Busalacchi et al. (1983) who used a numerical model of an idealized 
equatorial ocean basin to  study the linear response of the equatorial Pacific Ocean to 
observed winds. The present hindcast was of the midlatitude North Pacific Ocean, and 
it covered the 10-year period 1969-78. In order to  model realistically the kind of upper 
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Figure 6 .  Isoplethe of correlation coeficient  between the t ime  eerie8 of observed and 
hindcast SST anomalzes over the midlatitude North Pacific for the 10-year period 1969- 
7 8 .  Shading repreeente the area reaching the 5% level of significance. From Haney 
(1 985). 
ocean thermodynamics that is considered important for midlatitude SST anomaly de- 
velopment, the PE model of Haney (1980), improved by having high vertical resolution 
and a new parameterization of upper ocean mixing processes, was used. Vertical mix- 
ing in the upper ocean was governed by a dynamic stability mechanism parameterized 
in terms of a critical Richardson number. The most important model feature in the 
design and interpretation of the hindcast experiment was the method of computing the 
surface forcing. The wind stress was prescribed from observations, while the surface 
heat flux was computed from climatological atmospheric conditions and the model- 
predicted SST. Thus, the surface thermal boundary condition served only to couple 
the hindcast SST to a regular annual cycle determined by the prescribed climatological 
atmospheric conditions (Haney, 1971). As a result, SST anomalies were produced in 
the model only by the horizontal and vertical redistribution of heat by currents and by 
parameterized turbulent mixing caused by the observed winds. The resulting hindcast 
SST anomalies were then analyzed and compared with the corresponding observed SST 
anomalies analyzed by Jerry Namias. 
The hindcast and observed SST anomalies have similar space and time scales over 
the midlatitude North Pacific. The space scales correspond to those of the large-scale 
atmospheric forcing, and the time scales correspond to the time-integral of the at- 
mospheric forcing. This result is the present model's representation of the physics of 
the stochastic forcing model of climate variability described above. Beyond that, the 
hindcast SST anomalies are positively correlated with the observed anomalies at a 
statistically significant level over most of the central midlatitude North Pacific Ocean 
(Fig. 6). The computed correlations are all positive, with values greater than 0.24 
being positive at the 95% confidence level. The correlations are not significant in the 
northwest part of the North Pacific Ocean, perhaps owing to the effect on SST anoma- 
lies of the near-surface eddy field associated with the Kuroshio Extension, and in the 
southeast part of the North Pacific Ocean where wind forcing is generally weak all year. 
In the midlatitudes, the hindcast temperature anomalies are largely confined to the 
mixed layer, in agreement with Barnett's (1981) analysis of four years of AXBT data 
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Figure 7. Power epectrum of observed (thick lines) and hindcast (thin lines) SST 
anomalies. ADS is the Anomaly Dynamics Study region ($ON to  50N and 180W to 
125W).  From Haney (1985). 
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from the same area. These results strongly suggest that wind forcing by itself, through 
the mechanisms noted above, makes an important contribution to the development of 
large-scale SST anomalies in midlatitudes. 
Although the hindcast and the observed SST anomalies are highly correlated, the 
hindcast anomalies are nevertheless only about one-third as intense as the observed 
ones. This is uniformly true over the entire mid-latitude North Pacific Ocean, and 
over the entire range of frequencies covered by the numerical hindcast (Fig. 7). We 
have carefully considered all possible reasons for this discrepancy, including many po- 
tential model deficiencies. As a result of these considerations, we have concluded that 
the most likely reason for the small amplitude of the hindcast SST anomalies is the 
absence of direct forcing by anomalies in the surface heat fluxes. This interpretation 
is also consistent with the results of Frankignoul and Reynolds (1983), who came to 
essentially the same conclusion about the dominance of anomalous heat flux forcing 
by an entirely different method. Their conclusion is based on the result that the vari- 
ance of observed estimates of anomalous surface heat fluxes are much larger than the 
variance of observed estimates of anomalous Ekman advection. 
In summary, the model hindcast results suggest that surface winds by themselves 
play an important role in SST anomaly development. This conclusion is based on 
the significant correlation between hindcast and observed anomalies. However, the 
dominant factor for SST anomaly development in the real ocean is not anomalous winds 
but rather, as inferred from our results and those of Frankignoul and Reynolds (1983), 
anomalous surface heat fluxes. Anomalous heat flux forcing was necessarily omitted 
in the present hindcast experiment due to inadequate observations. However this is 
the most likely explanation for the discrepancy between the amplitude of the hindcast 
and observed anomalies. In addition, the variance of anomalous surface heat fluxes 
is certainly large enough to provide the required forcing as demonstrated earlier by 
Frankignoul and Reynolds (1983). Therefore, if we are to  understand and predict SST 
anomalies in midlatitudes, reliable synoptic estimates of anomalous surface heat fluxes 
on the scale of the ocean basins are needed. Hopefully for this problem, improved 
estimates of some of the heat flux components may soon be available through new 
techniques based on remote sensing (Gautier, 1981; Liu and Niiler, 1984). 
Closing Remarks 
I would like to close this short summary by noting that in many ways my research 
in modeling the ocean's large-scale response to atmospheric forcing has probably been 
concerned with the easier side of the coupled ocean atmosphere interaction problem. 
At the same time, atmospheric scientists who have been modeling the atmosphere's 
response to ocean surface temperatures which are in any way prescribed, also have been 
concerned with a much easier problem than that of the true coupled ocean-atmosphere 
system. If Jerry Namias' studies of both the atmosphere and the ocean have taught us 
anything, it is that we should be studying the behavior of the atmosphere and ocean as 
a coupled system. I, for one, am extremely grateful for that lesson from Jerry Namias, 
and I hope that some day I will be able to make a small contribution to that most 
challenging problem. 
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